higher rate of deposition is acheivable when the sputtering mode of the Zr-Y alloy target is metallic as opposed to oxide. The Zr-Y composition of the planar magnetron target is designed for optimium oxygen-ion conductivity in the YSZ films, at elevated temperature for potential use in solid-oxide fuel cells. The oxygen concentration of the as-deposited films is measured using Auger electron spectroscopy and found to prinicipally vary as a function of the sputter deposition rate. A fuel cell is produced with the reactive deposition process using Pt electrodes from which the growth morphology of the YSZ layer is characterized using scanning electron microscopy. Our interest is to optimize the performance of YSZ electrolyte layer in application as an oxygen ion conductor at elevated temperatures (500-700 "C) by increasing the nominal yttria composition to 8%. Tailoring the composition of the YSZ has been attempted using composite yttrium -zirconium metal targets.['o] The homogeneity of the subsequent deposit is not insured, however, as a target composed of a mosaic of elemental pieces can produce compositionally rich regions in the deposit which pattern the sputtering target mosaic. In principle, the attempt to produce compositionally uniform films with an optimum yttria concentration is through the use of a metal alloy target as reactively sputtered in the dc mode. This unique approach offers the advantage of higher deposition rates and the higher oxygen conductivity found in a YSZ electrolyte layer as-deposited from a Zr-Y metal alloy target rather than conventionally acheived using a 5-6% yttria target processed with rf sputter deposition. The reaction rate of a metallic target with oxygen is effected by low gas pressureland flow Metal-oxide films as yttria can be formed, using reactive sputter deposition, with a range of compositions and structure previously unrep~rted.[~*Jg] Our synthesis approach emphasizes a deposition rate versuss film concentration relationship. [18] [19] [20] [21] In this paper, we will focus on the method of target synthesis and the deposition parameters used to produce the YSZ films in configurations suitable for testing as electrolyte layers. Characterization of the film morphology will be accomplished through use of scanning electron microscopy. The film composition will be determined using Auger electron spectroscopy and the film crystal structure analized using x-ray diffraction. Eventually the YSZ films will be sputter deposited onto porous cermet substrates, i.e. the electrodes, to assess the process conditions needed to produce adherent, pinhole-free electrolyte layers for use in SOFCs.
EXPERIMENTAL METHOD
Yttria-stabilized zirconia (YSZ) films are synthesized using reactive dc magnetron sputter The deposition chamber is cryogenically pumped from atmospheric pressure to a base pressure of 
RESULTS AND ANALYSIS

Deposition Conditions
The sputter gas composition, pressure and flow each affect the stability of the sputtering process.[11*121 The sputtering mode of a reactive target in a partial oxygen pressure is sensitive to the oxidation kinetics.[*3] For example, when a sufficiently low oxygen pressure and flow exist, the target surface sputters as a metal.
[lsv16] A thorough examination of the sputter deposition parameters on the sputtering mode of the target and the formation of metal-rich oxides is given elsewhere. [lg-21] For this study, the gas composition and pressure are preselected whereas the flow is determined in order to change the sputtering mode of the Zr-Y target by varying the applied target power. An .increase in target power yields an increase in current density at the target surface.
When the rate of removal of the surface yttrium-oxide exceeds the rate of oxide formation, the target surface will sputter as metal. This is evidenced by a sudden increase in the measured deposition rate (Fig. 1) as a result of (step 1) decreasing the gas flow from 10 to 4 cc min-1 (sccm) for a 5 mTorr gas pressure and an applied target power of 170 Watts. The Zr-Y target continues to sputter in a metallic mode as (step 2) the gas flow is increased from 4 to 14 sccm. Upon reaching 15 sccm, the target becomes saturated with oxygen wherein the rate of removal does not exceed the rate of oxide formation, reverting the sputtering mode of the target to an oxide as indicated by the G sudden decrease in depostion rate. The hysteresis is formed as (step 3) the decrease in flow from 15 sccm will eventually lead to a metallic sputter mode. This initial deposition experiment (Fig. 1) leads to the selection of a nominal gas flow of 7 sccm at 5 mTorr ( Fig. 1 ) with which to then conduct further experiments to evaluate the dependency of oxygen content on deposition rate.
The effect of current density on deposition rate is assessed through the synthesis of individual samples at incremented target powers which range from 75 to 450 Watts. The target current traces the change in target power. The effect of current on deposition rate (Fig.2) 
Characterization
The Zr-Y-0 films deposited on Si( 11 1) wafers are compositionally depth profiled using Auger electron spectroscopy (AES). The variation of oxygen with target power, i.e. current density, is inverse to the change in deposition rate. Whereas an increase in target current leads to an increase in deposition rate, the oxygen content is found to decrease. This trend follows the kinetics of oxidizing the metal target. For constant pressure and flow, an increase in the number of metallic sputtered neutrals will lead to an increase in the metal content hence a decrease in the oxygen content. The film composition is found to be independent of substrate temperature. The desired concentration of a YSZ film composed of 8% yttria is nominally 65.8 at.% oxygen. This oxygen content is found for films formed at 0.22-0.25 nm s-1 deposition rates. The.selection of substrate temperature is then subject to films deposited at these rates in order to create the desired cubic YSZ phase.
The Zr-Y-0 films deposited onto amorphous silica glass using deposition rates of 0.22-0.26 nm s-I (corresponding to target currents of 0.5-0.7 amps) are characterized using x-ray diffraction (XRD). The examination of YSZ films using XRD is limited in this analysis to samples deposited at 700 "C, the nominal temperature for which a SOFC would operate. Samples deposited at 0.22-0.23 nm s-l (corresponding to the desired 65at.% oxygen, i.e. 8% yttria composition) with a 700&10"C substrate temperature yielded interplanar spacings and a computed lattice spacing of 0.5 14B.0002 nm which indexed to the JCPDS-ICDD file no. 30-1468 for cubic Y.15Zr.8501.93 with a lattice parameter of 0.5139 nm. For samples synthesized at higher deposition rates which correspond to substoichiometric oxygen contents, the XRD patterns evidence the presence of several zirconia phases. For example, the XRD scan yielded interplanar spacings (see Table 1 ) of a Zr-Y-0 film deposited at a 0.268 nm s-1 rate and 7O0&iO0C substrate temperature (corresponding to a measured 50 at.% oxygen film content) which can best be fitted to an orthorhombic phase having a ( 1 11 The deposition rate (nm s-1) variation with gas flow (cc bin-1) for a reactively sputtered Zr-Y alloy target using an Ar-20%02 gas mixture at constant target power (170 W) and gas pressure (5 mTorr). A hysteresis with deposition rate is formed when the gas flow is changed in the direction shown from step (1) through step (3). 
